Abstract: Both cropland and climate change over time, but the potential effects of climate change on cropland is currently not well understood. Here, we combined temporally and spatially explicit dynamics of cropland with air temperature, precipitation, and solar radiation datasets. China's cropland showed a clear northward-shifting trend from 1990 to 2015. The cropland decreased south of the break line at 38 • N, whereas it increased from the break line to northern regions. Correspondingly, the temperature showed a significant warming trend in the early part of the study period, which slowed down in later years. During the whole study period, both precipitation and solar radiation decreased over time, showed no significant linear characteristics, and the annual fluctuations were very large. The cropland areas in China showed a displacement characteristic with the increasing temperature, precipitation, and radiation. Overall, the cropland was shifting towards the high-temperature, low-precipitation, and low-radiation areas. The cropland dynamics indicate that they are likely to face severe drought and radiation pressure. Our findings imply that more resources such as irrigation may be needed for cropland, which will undoubtedly aggravate the agricultural water use in most northern regions, and the potential impacts on food security will further emerge in the future.
Introduction
The supply of cropland directly affects China's food security and has received considerable research attention [1, 2] . In the context of global change, systematic analysis of cropland dynamics and their corresponding changes in key climate conditions such as hydrothermal and solar radiation conditions are important for understanding cropland resources, assessing the supply of resources needed for farming, and ensuring food production safety [3, 4] .
There have been clear temporal and spatial changes in China's cropland. Many studies have built a series of long-term series of land use datasets based on remote sensing and other multi-source data. The changes of China's cropland and the factors driving this change have also been analyzed [5] [6] [7] . In recent years, in response to urban expansion, a large amount of high-quality cropland around the city has been converted to urban land [5, 8] . A series of ecological engineering measures, such as returning cropland to forest and grassland, have also led to the loss of cropland [9, 10] . In addition, rural labor transfer has led to artificial abandonment of cropland in some regions in China [11] . In view of the various impacts faced by cropland, the government has proposed to adhere to a cropland area of 1.2 million km 2 across China to ensure the bottom line of food security. The government has 1 km to analyze the temporal and spatial patterns of cropland in China from 1990 to 2015.
The interpolated gridded hydrothermal data of annual average temperature and total precipitation from 1990 to 2015 were taken from the Natural Resources and Environment Data Center of the Chinese Academy of Sciences. The data with a spatial resolution of 1 km were generated based on daily observation data of more than 2400 meteorological stations nationwide in China and the ANUSPLIN interpolation method. ANUSPLIN is able to perform statistical analysis and data diagnosis, and can analyze the spatial distribution of data to achieve final spatial interpolation [22] .
Gridded solar radiation grid data were taken from the Environmental Ecology Laboratory of Seoul National University [23] . The data span from 2000 to 2015 with a spatial resolution of 0.05 • and a temporal resolution of months. These data have been widely validated and applied worldwide [23] .
In addition, to further clarify the exact cropland change, vector zone data with 1 • latitude were created to carry out the latitude analysis.
Methods
According to China's LULC data, we first extracted the type of cropland for every five years from 1990 to 2015. Then, the linear trend analysis method was used to analyze the temporal and spatial trends of temperature, precipitation, and solar radiation. Finally, spatial statistical methods were used to comprehensively analyze the changes of hydrothermal and radiation conditions under the dynamics of cropland in China.
The change trends of temperature, precipitation, and solar radiation were calculated by the slope of the least squares regression. If we have one dataset (x 1 , . . . , x n ) containing n values and another dataset (y 1 , . . . , y n ) containing n values then the formula for the slope is: where x is the year (the year corresponding temperature and precipitation are from 1990 to 2015, while the time corresponding to solar radiation is from 2000 to 2015); and y i is expressed as temperature, precipitation, and radiation factor, respectively.
Results

Temporal and Spatial Changes of Cropland
China's cropland was distributed over various regions over the study period but was mainly concentrated in the North China Plain (including Henan, Hebei, Shandong, Anhui, and Jiangsu provinces). In addition, a large number of contiguous croplands were also distributed in parts of Sichuan, and Chongqing, Xinjiang, and three northeastern provinces (Heilongjiang, Jilin, and Liaoning). In terms of temporal change, compared with 1990, the area of cropland declined slightly in 1995, but in 2000 there was a large increase, followed by a gradual decline again. Compared with the area of 1.772 million km 2 in 1990, the area of cropland in 2015 was 1.786 million km 2 , representing a slight increase. Overall, the area of cropland in China has remained between 1.77 and 1.80 million km 2 within the study period ( Figure 1 ).
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China's cropland was distributed over various regions over the study period but was mainly concentrated in the North China Plain (including Henan, Hebei, Shandong, Anhui, and Jiangsu provinces). In addition, a large number of contiguous croplands were also distributed in parts of Sichuan, and Chongqing, Xinjiang, and three northeastern provinces (Heilongjiang, Jilin, and Liaoning). In terms of temporal change, compared with 1990, the area of cropland declined slightly in 1995, but in 2000 there was a large increase, followed by a gradual decline again. Compared with the area of 1.772 million km 2 in 1990, the area of cropland in 2015 was 1.786 million km 2 , representing a slight increase. Overall, the area of cropland in China has remained between 1.77 and 1.80 million km 2 within the study period ( Figure 1 ). China's cropland has shown a clear latitudinal characteristic in dynamic change (e.g., northward shifting). Figure 2 shows that most of the cropland was distributed between 23°N and 47°N, accounting for about 95% of all cropland area in China. The cropland was mostly concentrated at 30°N-37°N, and the cropland area exceeded 80,000 km 2 in each latitude zone within these bounds. In 1990, the cropland area was largest in the 31°N zone, reaching 101,400 km 2 , but in 2015, the cropland area of the zone decreased to 95,900 km 2 , and the largest cultivated area occurred again at 31°N, China's cropland has shown a clear latitudinal characteristic in dynamic change (e.g., northward shifting). Figure 2 shows that most of the cropland was distributed between 23 • N and 47 • N, accounting for about 95% of all cropland area in China. The cropland was mostly concentrated at 
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• N-37 • N, and the cropland area exceeded 80,000 km 2 in each latitude zone within these bounds. In 1990, the cropland area was largest in the 31 • N zone, reaching 101,400 km 2 , but in 2015, the cropland area of the zone decreased to 95,900 km 2 , and the largest cultivated area occurred again at 31 • N, reaching 96,700 km 2 . The area of cropland had a significant increase in the 22 • N and 29 • N zones, whereas there was a significant decrease in the 38 • N and 48 • N zones. The two elliptical regions in Figure 2a indicate that the cropland in the two latitudinal zones changed considerably. Compared with 1990, the cropland decreased year by year at 30 • N-32 • N, whereas there was a relatively obvious increasing process for cropland above 40 • N.
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Temporal and Spatial Changes of Hydrothermal Conditions.
We analyzed the interannual variations of China's hydrothermal conditions in two different aspects: (i) overall trend analysis, involving analysis of the overall changes in hydrothermal conditions over the 25-year study periods, which corresponded to the interannual variation during the study period (dashed line in Figure 3) ; and (ii) sliding trend analysis, in which, starting from 1990, a 13-year scale was used as the sliding window to analyze the subsequent trends among the sliding window intervals. The results of the sliding trend analysis clearly show the trends of hydrothermal conditions in each period (solid line in Figure 3) .
Overall, the temperature increased significantly and its trend reached 0.02 °C/yr during 1990-2015. Especially in the early stage, the warming trends in the seven sliding windows from 1990 to 2008 were all more than 0.05 °C/yr. Subsequently, the temperature began to decline. In 1998-2010 and 1999-2011, the trend was still positive (~0.01 °C/yr), but in the four sliding windows after 2000, it showed cooling trends ( Figure 3a) . On the one hand, this result indicates that temperature change has a strong time-scale dependence. On the other hand, this also shows that the warming hiatus phenomenon was present in China since 1998. Compared with temperature, the precipitation trend was more complicated and fluctuated substantially. Although there was a decreasing trend during the whole study period, it did not show any clear linear characteristics. The sliding window analysis of different periods also showed that the precipitation was decreasing for most of the study period. Figure 1 , the croplands in the entire south-central regions all decreased during this study period.
We analyzed the interannual variations of China's hydrothermal conditions in two different aspects: (i) overall trend analysis, involving analysis of the overall changes in hydrothermal conditions over the 25-year study periods, which corresponded to the interannual variation during the study period (dashed line in Figure 3) ; and (ii) sliding trend analysis, in which, starting from 1990, a 13-year scale was used as the sliding window to analyze the subsequent trends among the sliding window intervals. The results of the sliding trend analysis clearly show the trends of hydrothermal conditions in each period (solid line in Figure 3 ). We also analyzed the spatial distribution and variation of temperature and precipitation. The temperature is mainly due to the latitudinal location and elevation and the temperature has an obvious spatial pattern in China. That is, Qinghai-Tibetan Plateau and some northern regions in Overall, the temperature increased significantly and its trend reached 0.02 • C/yr during 1990-2015. Especially in the early stage, the warming trends in the seven sliding windows from 1990 to 2008 were all more than 0.05 • C/yr. Subsequently, the temperature began to decline. In 1998-2010 and 1999-2011, the trend was still positive (~0.01 • C/yr), but in the four sliding windows after 2000, it showed cooling trends ( Figure 3a) . On the one hand, this result indicates that temperature change has a strong time-scale dependence. On the other hand, this also shows that the warming hiatus phenomenon was present in China since 1998. Compared with temperature, the precipitation trend was more complicated and fluctuated substantially. Although there was a decreasing trend during the whole study period, it did not show any clear linear characteristics. The sliding window analysis of different periods also showed that the precipitation was decreasing for most of the study period.
We also analyzed the spatial distribution and variation of temperature and precipitation. The temperature is mainly due to the latitudinal location and elevation and the temperature has an obvious spatial pattern in China. That is, Qinghai-Tibetan Plateau and some northern regions in Xinjiang and northeastern China had the lowest annual mean temperature, while the temperatures generally decreased from north to south in the rest regions of China (Figure 4a ). In terms of precipitation, unlike temperature, the distribution pattern of precipitation was clear and simple in China. The precipitation distribution in most parts of China were gradually weakening from southeast to northwest (Figure 4b ). 
Temporal and Spatial Changes of Solar Radiation
Solar radiation is the most important source of energy on Earth, and it is closely related to the growth of crops. China's solar radiation showed a downward trend during 2000-2015, with an annual According to the interannual variations, this study created a spatial trend distribution map of hydrothermal conditions in China from 1990 to 2015. In the map, both temperature and precipitation were considered from the two aspects of the positive/negative trend (threshold value of 0) and the significance P test (threshold value of 0.1); then, the trends of temperature and precipitation were divided into warming/cooling zone and wetting/drying zone, respectively; Finally, on the basis of the change trends and significances in the hydrothermal condition, we obtained nine hydrothermal zones by overlay analysis: WAWE (warming and wetting zone), WADR (warming and drying zone), COWE (cooling and wetting zone), CODR (cooling and drying zone), WA (warming zone, non-significant precipitation change), CO (cooling zone, non-significant precipitation change), WE (wetting zone, non-significant temperature change), DR (drying zone, non-significant temperature change), and GF (general fluctuation zone, non-significant hydrothermal changes) (Figure 4c) .
China has a variety of climate types, and its hydrothermal conditions also have a strong spatial differentiation. Most regions in China showed a warming trend, but in the Qinghai-Tibetan Plateau, Xinjiang, Liaoning, and northeastern Inner Mongolia, contiguous cooling zones remained. There were no significant changes in the hydrothermal conditions in southeastern coastal, northern, and northeastern China. From the perspective of the spatial pattern of the precipitation trend, the drying zones were mainly distributed in the Qinghai-Tibetan Plateau, Yunnan-Guizhou Plateau, Central Inner Mongolia, Northern Xinjiang, and Taiwan province. The simultaneous analysis on hydrothermal changes in China in the 25-year study period showed the characteristic of "warming and drying". Except for the Qinghai-Tibetan Plateau and some southeastern regions, most of the central and southern regions in China had varying degrees of warming, or warming and drying (Figure 4 ).
Solar radiation is the most important source of energy on Earth, and it is closely related to the growth of crops. Solar radiation is affected by both atmospheric and surface conditions. China's annual mean solar radiation also showed a certain distributional characteristic in space (Figure 6a ). The highest solar radiation was located in Southwestern regions in Tibet, while the lowest solar radiation was concentrated in Sichuan, Chongqing, Guizhou, and Jiangxi provinces. The highest value could exceed 270 W/m 2 and the lowest value was less than 170 W/m 2 . Overall, from the Southeast to the Northwest, from Xinjiang to Tibet, solar radiation increased gradually.
In order to analyze the spatial change of solar radiation in China from 2000 to 2015, the radiation changes were divided into four zones. China's radiation variation had very strong spatial characteristics: the central and eastern parts of the country decreased and the western part increased. Solar radiation is affected by both atmospheric and surface conditions. China's annual mean solar radiation also showed a certain distributional characteristic in space (Figure 6a ). The highest solar radiation was located in Southwestern regions in Tibet, while the lowest solar radiation was concentrated in Sichuan, Chongqing, Guizhou, and Jiangxi provinces. The highest value could exceed 
significantly, and the remaining central and eastern provinces showed a slightly decreased trend. On the whole, the significant increase and increase zones accounted for 8.92% and 36.24% of the total area, respectively, whereas the significant decrease and decrease zones accounted for 18.90% and 35.95% of the total area, respectively (Figure 6b ). In order to analyze the spatial change of solar radiation in China from 2000 to 2015, the radiation changes were divided into four zones. China's radiation variation had very strong spatial characteristics: the central and eastern parts of the country decreased and the western part increased. Specifically, solar radiation increased significantly in Yunnan and the Qinghai-Tibetan Plateau, and increased greatly in Xinjiang, Qinghai, Sichuan, Inner Mongolia, and western Gansu. The radiation in some of the central and eastern regions, and the northeastern and southern parts of the country decreased significantly, and the remaining central and eastern provinces showed a slightly decreased trend. On the whole, the significant increase and increase zones accounted for 8.92% and 36.24% of the total area, respectively, whereas the significant decrease and decrease zones accounted for 18.90% and 35.95% of the total area, respectively (Figure 6b ).
Changes in Hydrothermal and Radiation Conditions with the Cropland Dynamics
By observing the changes in cropland with hydrothermal and radiation conditions, we can reveal the relationships between cropland and climate conditions. In terms of temperature, the area of cropland showed a significant displacement with increasing temperature (Figure 7a ). The cropland was mainly distributed at temperature of 8.0-12.5 • C. At around −2.0 • C, the area of cropland increased, while the area decreased sharply at 5.0-9.0 • C and then increased. Therefore, the area of cropland had a movement toward higher temperatures. The area of cropland also changed with the increase in precipitation (Figure 7b ). The peak area of cropland was concentrated in the precipitation of 490-650 mm. Unlike the temperature, the peak area of cropland moved toward the low precipitation. Furthermore, the area of cropland declined in the high precipitation areas of 1300-1800 mm. Therefore, as a whole, the cropland is moving toward a region with high temperature and low precipitation, and thus the current situation of drought faced by cropland is more severe than before.
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Analysis of the changes of solar radiation corresponding to the distribution of cropland showed that the cropland also had an obvious displacement with the increase of solar radiation (Figure 7c) . The cropland area was concentrated between solar radiation values of 135-170 W/m 2 . In 2000, the peak of cropland area appeared at about 153 W/m 2 , but it was transferred to 145 W/m 2 in 2015. Overall, cropland has moved towards regions with low solar radiation. Analysis of the changes of solar radiation corresponding to the distribution of cropland showed that the cropland also had an obvious displacement with the increase of solar radiation (Figure 7c ). The cropland area was concentrated between solar radiation values of 135-170 W/m 2 . In 2000, the peak of cropland area appeared at about 153 W/m 2 , but it was transferred to 145 W/m 2 in 2015. Overall, cropland has moved towards regions with low solar radiation.
Furthermore, this study analyzed the supply of hydrothermal and radiation resources corresponding to the cropland, and the hydrothermal and radiation pressures faced by the cropland. The cropland decreased greatly in the warm zone of China from 1990 to 2015, reaching 27,900 km 2 , but it showed a significant growth trend in the general fluctuation zone (non-significant areas of temperature and precipitation change), increasing by 35,200 km 2 from 1990 to 2015. In addition, the area of cropland decreased in warming and drying zones, cooling and wetting zones, and wetting zones; the area of cropland increased in warming and wetting zones, cooling and drying zones, cooling zones, and drying zones, especially in cooling zones and drying zones (Figure 8a ). Correspondingly, there was a clear change in the cropland of the four zones of solar radiation in China during 2000-2015.
In the zones where radiation significantly increased, the area of cropland was basically unchanged, whereas in zones where radiation significantly decreased, the area of cropland decreased by 18,800 km 2 . At the same time, the area of cropland increased by 0.96 million km 2 in zones in which radiation had not significantly increased (Figure 8b ).
The cropland decreased greatly in the warm zone of China from 1990 to 2015, reaching 27,900 km 2 , but it showed a significant growth trend in the general fluctuation zone (non-significant areas of temperature and precipitation change), increasing by 35,200 km 2 from 1990 to 2015. In addition, the area of cropland decreased in warming and drying zones, cooling and wetting zones, and wetting zones; the area of cropland increased in warming and wetting zones, cooling and drying zones, cooling zones, and drying zones, especially in cooling zones and drying zones (Figure 8a) . Correspondingly, there was a clear change in the cropland of the four zones of solar radiation in China during 2000-2015. In the zones where radiation significantly increased, the area of cropland was basically unchanged, whereas in zones where radiation significantly decreased, the area of cropland decreased by 18,800 km 2 . At the same time, the area of cropland increased by 0.96 million km 2 in zones in which radiation had not significantly increased (Figure 8b ).
Figure 8. Change of cropland under different hydrothermal (a) and radiative (b) trends in
China. WAWE, warming and wetting zone; WADR, warming and drying zone; COWE, cooling and wetting zone; CODR, cooling and drying zone; WA, warming zone with nonsignificant precipitation change; CO, cooling zone with non-significant precipitation change; WE, wetting zone with non-significant temperature change; DR, drying zone with non-significant temperature change; GF, general fluctuation zone with non-significant hydrothermal changes.
This study combined the characteristics of the northward shifting of cropland in China with the changes in hydrothermal and radiation conditions (Figure 9 ). During the study period, the temperature showed an increasing trend in most latitude zones except for the two latitude zones of 18°N-22°N and 47°N-52°N. Combined with the latitudinal characteristics of the cropland distribution (Figure 2) , it was found that the proportion of cropland in both of these latitude zones were very small.
In addition, based on the 38°N line, the warming trends in the south latitude zones were substantially higher than those in the north latitude zones (Figure 9 ). The precipitation situation was different from that of temperature, and the overall trend fluctuated around zero. Moreover, the precipitation trend had a significant fluctuation in the 18°N-21°N zones but a significant decreasing trend in the 22°N-30°N zones. The trend of solar radiation was relatively consistent, and the trend value was less than 0 except for in the 38°N and 52°N-54°N zones. As a whole, the cropland in some southern regions was facing precipitation and radiation decline, and cropland in some in northern regions was facing the combined effects of low temperatures, low precipitation, and low radiation. Thus, the cropland has increased towards the north over the study period, which has led to severe multiple pressures such as unfavorable temperatures, precipitation, and radiation levels. WAWE, warming and wetting zone; WADR, warming and drying zone; COWE, cooling and wetting zone; CODR, cooling and drying zone; WA, warming zone with non-significant precipitation change; CO, cooling zone with non-significant precipitation change; WE, wetting zone with non-significant temperature change; DR, drying zone with non-significant temperature change; GF, general fluctuation zone with non-significant hydrothermal changes.
This study combined the characteristics of the northward shifting of cropland in China with the changes in hydrothermal and radiation conditions (Figure 9 ). During the study period, the temperature showed an increasing trend in most latitude zones except for the two latitude zones of 18 • N-22 • N and 47 • N-52 • N. Combined with the latitudinal characteristics of the cropland distribution (Figure 2) , it was found that the proportion of cropland in both of these latitude zones were very small. 
Discussion
Impact Factors of Cropland Dynamics
Unlike the study on the change of gravity center of cropland, this study quantified the latitudinal characteristics of cropland [24] . It should be noted that because the spatial resolution of the LULC data used was 1 km, the cropland grid of this study exaggerated the area because of the mixed pixels [12] . In addition, the break line of cropland change at different periods was not always at the line of In addition, based on the 38 • N line, the warming trends in the south latitude zones were substantially higher than those in the north latitude zones (Figure 9 ). The precipitation situation was different from that of temperature, and the overall trend fluctuated around zero. Moreover, the precipitation trend had a significant fluctuation in the 18 • N-21 • N zones but a significant decreasing trend in the 22 • N-30 • N zones. The trend of solar radiation was relatively consistent, and the trend value was less than 0 except for in the 38 • N and 52 • N-54 • N zones. As a whole, the cropland in some southern regions was facing precipitation and radiation decline, and cropland in some in northern regions was facing the combined effects of low temperatures, low precipitation, and low radiation. Thus, the cropland has increased towards the north over the study period, which has led to severe multiple pressures such as unfavorable temperatures, precipitation, and radiation levels.
Discussion
Impact Factors of Cropland Dynamics
Unlike the study on the change of gravity center of cropland, this study quantified the latitudinal characteristics of cropland [24] . It should be noted that because the spatial resolution of the LULC data used was 1 km, the cropland grid of this study exaggerated the area because of the mixed pixels [12] . In addition, the break line of cropland change at different periods was not always at the line of 38 • N. For example, the span of the increase/decrease transition between 1990 and 2000 was large, and very complicated fluctuations occurred in the zones of 33 • N-40 • N. Despite this, the increase and decrease of cropland during the entire study period showed a relatively clear break line at 38 • N, whereas the hydrothermal and radiation conditions had not changed significantly around this latitude zone. These findings indicate that although natural climate factors have impacts on cropland, other factors including human activities are not negligible [20] .
Global change, technological progress, market demand, urbanization, and the development of social economy in China since the 1990s have caused great changes to cropland [7] . Compared with the cropland areas in different periods, the new distribution pattern of cropland has had to face new conditions of hydrothermal and radiation resources. The area change of cropland in the first 10 years (1990-2000) accounted for a large proportion in comparison with the total area change of cropland during the study period. In particular, in the high latitude zones above 40 • N, the area change of cropland from 1990 to 2000 accounted for about 70% of the whole area change (Figure 10) . Correspondingly, the early warming trend was obvious, but with the global warming slowing or hiatus [25] , the warming trend in northern China also began to slow down [19] . The change of cropland is uncertain because of the multiple impacts of policy guidance, economic trade, farming techniques and management, but it mainly expanded in the northern regions after~2000 [6, 20] . In the northeastern regions, plastic membrane mulching techniques are often used to supplement the low temperature [20] and irrigation or drip irrigation techniques are commonly used in Xinjiang and Inner Mongolia to compensate for the shortage of precipitation [26] . Conversely, the farms in southern regions are generally small in size and mostly distributed in hilly areas, and it is thus susceptible to ecological measures such as returning farmland to forests, grasslands, and lakes [27] . In addition, the urbanization and industrialization of the central and southern regions has developed rapidly, resulting in cropland abandonment [28] . This increase-decrease reversal around 38 • N even reflects the north-south regional differences of China's urbanization, agriculture and animal husbandry [29, 30] . In short, although the interference of other factors on the dynamics of cropland is still very important, at a long-term scale, human activities can actively adapt to climate change, and the northward shifting of cropland corresponding to the background of climate warming partially reflects this adaptability.
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Hydrothermal and Radiation Pressure of Cropland
The International Food and Agriculture Organization (FAO) defines food security in four aspects: sufficient supply, stable supply, affordable, and provision of nutrients for human health. Among them, the area and distribution pattern of cropland is not only the guarantee of a "sufficient supply" but also the land foundation for guaranteeing "stable supply" [1, 12] . The area and distribution pattern of cropland are of great importance for evaluating the safety status of China's food system [12] . Therefore, it is necessary to optimize the quantity and quality of cropland, improve the comprehensive agricultural productivity, and achieve safe and stable production of food.
Because of the influence of the background value of hydrothermal and radiation conditions and the differences in the demand for temperature, precipitation, and radiation among various crops [31] , it is difficult to assess the climatic pressure of cropland. For example, although the average precipitation in some southern regions with abundantly initial precipitation decreases, it cannot be considered that the cropland causes the hydrothermal pressure. Correspondingly, this study made the following basic assumptions when discussing climate pressure of cropland: the stronger the radiation, the more precipitation, and the higher the temperature, the better the farming conditions [15, 17, [32] [33] [34] . The actual situation is often complicated, such as rising temperatures and reduced precipitation will lead to more severe drought [35, 36] . Furthermore, the quality degradation of cropland is another factor that cannot be ignored [37] . Some studies have analyzed the occupation of cropland by urban expansion, and have clarified that the replaced croplands were often high-quality cropland with good farming conditions and high productivity [5, 38] . This is, compared with the direct impact of urban expansion on cropland area, the new distribution pattern of cropland will have greater overall effect on cropland [8, 12, 39] .
In addition, in order to make our data and results contribute to other sciences at a broader perspective, especially climate change and some engineering fields. We used a stretch display to show the spatial patterns of temperature, precipitation, and solar radiation so as to present more spatial details than the hierarchical maps. The temperature, precipitation, and solar radiation in this study are very consistent with other people's studies in the spatial pattern [40] [41] [42] . Moreover, the data of this study is expressive in space, which can effectively reflect the elevation and large landform details. Especially for solar radiation, other studies can reflect the larger pattern, and the data used in 
In addition, in order to make our data and results contribute to other sciences at a broader perspective, especially climate change and some engineering fields. We used a stretch display to show the spatial patterns of temperature, precipitation, and solar radiation so as to present more spatial details than the hierarchical maps. The temperature, precipitation, and solar radiation in this study are very consistent with other people's studies in the spatial pattern [40] [41] [42] . Moreover, the data of this study is expressive in space, which can effectively reflect the elevation and large landform details. Especially for solar radiation, other studies can reflect the larger pattern, and the data used in this study can reflect details on the grid scale, which can provide a certain practical role on the use of solar engineering within a local scale [42] .
Conclusions
The temporal and spatial changes in cropland directly affect the security of food supply. This study systematically analyzed the dynamics of cropland in China from 1990 to 2015 and its corresponding changes in hydrothermal and solar radiation. China's cropland showed a clear northward-shifting pattern in this 25-year period. With 38 • N as the break line, cropland decreased in the south and increased in the north. However, as far as the total area of cropland is concerned, there has been little change, and it remained 1.77-1.8 million km 2 for the majority of the studied period. The overall change of hydrothermal resources in China was characterized by an increase in temperature, but a decrease in precipitation and solar radiation. The area of cropland showed an obvious displacement with increasing temperature, precipitation, and radiation. In the context of climate change, China's cropland is subject to a considerable climate pressure, especially the pressure of reduced precipitation and radiation.
Temperature, precipitation, and solar radiation are the primary climatic elements for assessing the farming conditions of cropland. This study clarified the changes of these basic elements corresponding to the dynamics of cropland, and provided scientific references for assessing human resource inputs for farming. In the future, we can combine the specific farming environment and crop types to explore the hydrothermal and radiation pressures faced by cropland.
